We present a multi-mode drift-diffusion equation as reformulation of the Boltzmann equation in the discrete momentum space. This is shown to be similar to the conventional drift-diffusion equation except that it is a more rigorous solution to the Boltzmann equation because the current and carrier densities are resolved into M vectors, where M is the number of modes in the discrete momentum space. The mobility and diffusion coefficient become M M matrices which connect the M momentum space modes. This approach is demonstrated by simulating electron transport in bulk silicon.
, hydrodynamic [2] , spherical harmonic [3] , and cellular automata methods [4] , and the Scattering Matrix Approach [5, 6, 7] . Each method has its own limitations-for example, computational burden, calibration of parameters, low order approximation for the distribution function, "artificial diffusion" of carriers and restriction to fixed spatial square grids. Ideally, a simulation method should provide all the capabilities of drift-diffusion simulators (i.e., simulations from equilibrium to high bias with smooth results at low computational burden) while also resolving carrier distribution and treating scattering processes rigorously. Our objective in this paper is to take a step in this direction.
Therefore, here we will describe a re-formulation of the scattering matrix equations which expresses the 1-D spatial Boltzmann [7] 7e(x) (2) ]
where the diffusion, inverse Einstein and mobility matrices are defined as follows:
and IV] is a diagonal matrix whose elements are the mode velocities. The coefficient matrices for the continuity equation are
Equations (2) and (3) and have a simple structure. The most significant elements of the mobility matrix are the diagonal elements and off-diagonal elements only where the th mode is connected to the j th mode by field shift. The diffusion matrix is strongly diagonal and has significant but small off-diagonal elements only where the th mode is connected to the j th mode by scattering. In order to test the formulation, we used the above matrices to simulate electron transport in bulk Si with (111) electric fields. The solution in bulk is simple because there are no spatial gradients in Eqs. (2) Plots of the results are shown in Figure (3 
SUMMARY
In the simplest case, we could discretise the current equations using Eq. (2) and finite differences as
The result is a tridiagonal matrix form for the carrier distribution function across the device (i from to N) 
